the operator of being able to instantaneously cool and examine the assay at any time, by dipping the whole in a cup of water.
(Abstract.) This memoir, which is intended to he the first of three communications as to the action of electricity on gases, is devoted to the consideration of the changes produced by the action of electricity on oxygen gas as estimated by the changes thus effected in its chemical properties.
The memoir is divided into four sections. Section I. contains an account of the methods employed for generating, collecting, and preserving the electrized gas, and also of the measuringapparatus employed for estimating the changes in the volume of the electrized gas effected in the various experiments subsequently described.
The gas, carefully dried, was submitted to the action of electricity by causing a current of the gas to pass through the induction-tube of Siemens, the interior of which was filled with water or (where a low temperature was desired) with a saline solution. The tube was placed in a glass cylin der containing water or a refrigerating-mixture. The interior and exterior of the tube were respectively connected with the terminals of a powerful Ruhmkorff's coil. The electrized gas, after its passage through the in duction-tube, was collected, in a gas-holder of peculiar construction, over concentrated sulphuric acid. It may be thus preserved for several hours without sensible variation in its properties. The principle employed for the measurement of the gas in which it 'vaS ]872 ] Sir B. C. Brodie on the Action of Electricity on desired to estimate the changes in volume produced by the experiment, was the principle of pipette-measurement which has been so successfully em ployed by chemists for the measurement of liquids. In this way a con siderable volume (say from 250 to 300 cub. centims.) may be measured with facility and precision. A definite volume of gas was thus always operated upon. The gas having been measured in the pipette was drawn over by means of a mercurial aspirator, an instrument which served the double purpose of an aspirator and measurimg-apparatus. The principle of this aspirator was that originally employed in the apparatus of Regnault for measuring the volumes of gases, namely, the estimation of the pressure and temperature at which the gas occupied a known space, from which the volume of the gas at standard temperature and pressure wras calculated. By means of this apparatus a change in the volume of the electrized gas, to the extent of about 1 part in 1000, could be accurately estim ated; that is to say, after the calibration of the apparatus, 1000 volumes of gas as measured in the pipette were found to measure 1000*7 volumes in the aspirator. These numbers represent the errors of the experiment, and any differences in the volume of the gas beyond this limit must be considered to be due to the experiment to w'hich the gas was submitted. The pipette and the aspirator were placed on a table, separated by an interval of about 8 or 10 inches.
In Section II. the results are given of passing the electrized gas through a solution of neutral iodide of potassium, also of heating the gas, of passing the gas over metallic silver, copper, gold, aluminium, and binoxide of man ganese, and of the decomposition of a solution of binoxide of sodium effected by the passage of the gas, a quantitative estimation of the changes in the volume of the gas and the oxidation effected being in all cases made.
The precision attained in such experiments may be estimated by the re sults of the measurement of the gas before and after its passage through a solution of neutral iodide of potassium. As the mean of eight concordant experiments, 100 cub. centims. of gas, as measured in the pipette, were found after the experiment to measure 99'93 cub. centims. in the aspirator. An oxidation was effected in the solution of neutral iodide of potassium equivalent to 3*77 cub. centims. of oxygen; that is to say, 3*77 cub. centims. of oxygen were thus removed from the gas without an appreciable variation in its vo lume. The volume of the gas thus absorbed by neutral iodide of potassium was in subsequent experiments assumed as the unit to which other analo gous variations were referred.
When the electrized gas is passed through a solution of binoxide of sodium, an increment occurs in the volume of the gas. Thus in two experi ments the increment in the volume of the gas, as estimated from the difference of the volumes in the pipette and the aspirator, was 1*93, 1*99, the ''titre" of the gas (as just explained) being taken as 1 ; and the xatio of the sum of the oxvgen lost by the binoxide of sodium (as estimated by titration of the solution of binoxide of sodium before and after the experi ment with permanganic acid) and the titre of the gas to the titre of the gas on the Action o f Electricity o was in the same experiments 2*06, 2* 17. In two other experiments this same ratio was 2'00, 2-08; the reaction being analogous to the decom-' position of binoxide of sodium by ferrocyanide of potassium, and of binoxide of hydrogen by permanganic acid, previously investigated by the author.
Section I I I . comprises an account of the action of the electrized gas upon a solution of hydriodic acid, strongly alkaline hyposulphite of soda, poly sulphide of sodium, and other substances.
In the case of the passage of the gas through a solution of hydriodic acid, the oxidation effected (after a certain degree of concentration of the acid has been attained) is exactly twice the oxidation effected by the same gas in a solution of the neutral iodide of potassium. The mean of 33 such experiments gave 1'99 as the amount of oxygen employed in the oxidation of the hydriodic acid as compared with the " titre " of the gas. The individual experiments exhibit no inconsiderable differences; but the probable error of the result, as estimated by the method of least squares, is 0-02; that is to say, from these experiments alone, without introducing any hypothetical consider ations whatever, it is an equal chance that the true value of the ratio sought lies between the values 2-01 and 1*97. The value indicated by chemical theory is 2, with which theory, therefore, the experiments agree.
The action of the gas upon a strongly alkaline solution of hyposulphite of soda is precisely of the same character. The volume of gas was mea sured before and after the experiment, and a contraction was found to occur equal in amount to the " titre" of the gas. The mean of twenty-two ex periments gave 1'03 as the amount of this contraction. The peculiar oxidizing properties of the ozone are entirely destroyed by its passage through the solution ; and it is to be inferred that while the diminution in volume is equal to the " titre" of the gas, the oxidation effected in this, as in the previous case, is the same as that which would be effected by a volume of oxygen equal to twice the " titre" of the gas.
Experiments made with a solution of polysulphide of barium gave a similar result.
Section IV. comprises various experiments made with solutions of neutral and slightly alkaline hyposulphite of soda, with oil of turpentine, and with protochloride of tin.
The experiments with neutral and slightly alkaline hyposulphite of soda were conducted precisely in the same manner as the experiments described in Section II I., with the strongly alkaline hyposulphite. The result, how ever, is very different, the contraction in this case being equal in amount to twice the " titre" of the gas. The mean of 17 experiments made with the neutral hyposulphite gave 2'02 as the value of this contraction, and the mean of 10 experiments made with the slightly alkaline hyposulphite gave for it the same value. I t is hence to be inferred that the oxidation effected in these cases is equal in amount to three times the oxidation effected by the same gas hi neutral iodide of potassium.
Similar experiments made with oil of turpentine entirely confirmed the view of Soret as to the amount of contraction which the gas undergoes when acted upon by this substance, the mean of eight experiments giving 2 02 as the value of the contraction.
The investigation of the effect due to the action of the electrized gas upon protochloride of tin is attended with considerable difficulty, from the cir cumstance that a solution of protochloride of tin is readily oxidized by the action of pure oxygen. The difficulty was met in two ways, both of which led to the same conclusion,-namely, by applying a correction for the oxi dation effected by the oxygen with which the ozone was associated, and by using very dilute solutions of the protochloride of tin in which this oxi dation is reduced to a minimum. In two experiments conducted on the latter principle, and in which the oxidation, as well as the contraction, was experimentally determined, the value of the contraction was found to be 219 and 2-33, while the oxidation in the two experiments respectively was 3-12 and 3-07.
Using the notation employed by the author in a previous communication * to the Royal Society, and putting £2 as the symbol of the unit (that is of 1-000 cub. centim. at 0° and 760 millims.) of oxygen, and putting [£] as the symbol of that simple weight £ transferred to the oxidized substance in the various oxidations effected by the ozone, and further assuming that ozone is to be regarded as some denser form of oxygen, to the unit of which the symbol £2+?l (where ni s a positive integer) is to be assigned, of the total system of experiments of which the account is given in this memoir may be expressed, so far as regards the distribution of the matter of the unit of the ozone, in the various reactions by the general equation
where p,q, n are positive integers. The investigation of the various hypotheses originating in this equation leads to the conclusion that the hypothesis that the unit of ozone is com posed of three simple weights, £, and is to be symbolized as £3, is both ne cessary and sufficient for the explanation of the total system of phenomena, and that no other hypothesis of the order referred to is tenable.
XVI. " Researches on the Atom ic W eight of Thallium ." By W illiam Crookes, F .R .S . &c. Received Ju n e 18, 1872.
(Abstract.)
In June 1862, and in February 1863, I had the honour to lay before the loyal Society communications on the subject of the then newly discovered vnetal, thallium. In these I gave an account of its occurrence, distribution, and the method of extraction from the ore, together with its physical In .. 1 ide " Calculus of Chemical Operations," by Sir B. C. Brodie, Bart., F.R.S,.
" •lranB*1806, pp. 781-859.
